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BEARING STRENGTHS OF S(ME AIUMINUM-AILOY SAND,CASTINCS

By R. L. Moore

SUMMARY

Bearing tests were mde of’alminwn-alloy sand castings of 195-T4,
195-T6, 22o-T4, and 356-T6 to evaluate the bearing str&@h of these ..
alloys and their relation to tensile properties. Comparisons between
tensile properties obtained from individually cast test bars and specimeti
-chined from the bearing-test slabs emphasize the fact that size and
form of casting may have a significant effect upon mechanical ~roperties.
The bearing-strength characteristics of these aluminum castings with
respect to edge distance and ratios of specimen width to pin dia?geterwere
not si~ficantly different from those wldch have been observed for the
cotion wrought-aluminum alloys. The ratios of bearing yield to tensile

. yield strengths for the castings were about 20 percent highsr thm those
for the wrou@t materials; the ratios of bearing ultimate to tensile
ultimate strengths were about the same. Ratios of bearing to tensile

. strengths are proposed as a basis for the selection of allowable bearing
values for the desi~ of aluminum-alloy sand castings.

INTRODUCTION

The bearing tests described in this report are the first to be
made in the Aluminwn Research Laboratories on almdnut.n-alJoysand
castings and constitute part of a general program of research covering
the determination of the mechsmical properties of the light-weight
structural alloys of interest in aircraft design. Althou@ bearing
strengths are probably not a very important factor in the design of
most aluminum=alloy sand castings, some data relating to this property
are needed.

Reference 1 lists three sand-cast aluminum alloys: 195, !220,
and 356. Values of ultimate bearing strenti are given for the first
two, for an edge distance of twice the pin Msmeter, but no other
bearing data are given. These tests were undertaken to provide a mare ‘“ _. _
complete evaluation of the bearing-strength characteristics of these
alloys. The folloting tempers were investigated: 195-T4, 195-T6,.
220-T4, h 356-T6.

.
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MATERIAL

NACA TN No. 1523

The bearing spectiens were made in the form of cast slabs, 6 by

12 by ~ inch thick: These slabs were sawed in two and machined to
.

provide bearing-test-specimens2~ inches wide by 12 inches long in

thicknesses of both 1/4 and 1/8 fich. Material was mchined from both

faces of the castings. Individually

dismeter were provided with each lot
slabs supplied for test were X-r~ed
ma free from defects.

cast tension test bars ot’&inch

of bearing syecimens. All the
and found to be @-pically sound

Figure 1 shows the manner in which the bearing tests were made.

!I!he~-inch-thick specimens were loaded ona~-inch-diameter steel pin,

whereas those having a thiclmess of
h t

inch were loaded on a -inch-

Uameter pin. Edge dlstsaces, measured in the direction of stressing “
from the center of the pin hole ta the edge of the specimen, ranged
from 1.5 to 4 times the diameter of the pin. Tests were made in
triplicate in most cases.

Hole deformations, from which values of bearing yield strength
were determined, were obtained by measuring the relative movement of
the pin and the epecimen by meams of a filar micrometer microscope,
which could.be read directly to 0.01 millimeter. The projecting portion
of the pin on the microscope side was flattened slightly on the under
side to provide a shoulder on which the reference mark for pin movement
was located.;a snail scratch on the specfmen under the pln p~vided the
reference for specimen movement---

In addition to tensile tests made on the standard ~-inch-dismeter

inaiviawq cast test bars, tensile specimens were also machined from
the bearing-test slabs. Properties from the latter were desirable to
provide a direct correlation between bearing and tensile strengths.
Compression and shear specimens were also mchined from the cast slabs.
Table I gives the dimensions of these specimens.

RES7JIf133ANTIDISCUSSION

.

b

.

Table I summarizes the results of all the tensile, compressive,
and sheti tests made in this laboratory ti Includes specifi6d minimum
as well as typicsJ.properties for yurposes ofmqmrison. Mechanical
property data reported by the foundry are also included.
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.
The tensile strengths obtained in this laboratory from the ~-inch-

diameter test bars ranged from 18 to 32 percent higher than the mininum
specified values for the castings and from 7 to 20 percent higher than
those considered as typical. The ~eatest differences were observed
for the 195-T4 specimens which were susceptible to natural aging at
room temperature. The tensile properties obtained.in tests made at the
foundry, approximately 1 week after heat treatment md 3 months prior
to the tests made at the laboratory, show the extent of the natural
aging produced. Some natural aging also seemed to be indicated for the
195+6 test bars. The two sets of data for the 356-T6 and 220-Tk spectiens,
however, were in very close agreement.

The tensile strengths obtained from the specimens machined from __
the cast slabs ranged from 16 to 29 percent less than the values ob~e~

from the corresponding ~-inch-diameter test bars, the greatest difference

betig observed for the ~20-T&. All values were, nevertheless, above the
minimum allowable for test specimens of this type. The tensile yield
strengths obtained for the 195-T4 and 195J-T6castings were several
thousand pounds per square inch hfgher than those obtained for the

. 1corresponding ~-inch-diameter test bsrs; this would again seem to indicate

additional natural aging, since the yield.strengths observed for-the
. 356-T6 and 220-T4 samples were essentially the same for the two types of

specimen. Elongation values obtaineiifrom the slabs were in all cases
.

less than those obtained from the ~-inch-diameter test bars, although

.aU the former were shove tie minimum that would be permitted in tests
of specimens machined from castings.

The compressive yield strengths obtained from specimens machined
from the slabs were consistently higher than the corresponding tensile
yield values, the maximum difference for the 195-T4 being U percent.
The ultbate shear strengths, which are generally considered to range
from about 70 to 85 percent of the tensile strengths, exceeded the latter
in two of the four cases. The significant conclusion to be drawn from
these comparisons is that relations between tensile, compressive, and
shear properties conmonly based on tests of separately cast test b~s
my not always be representative of larger castings.

Table II and figures .2 to 10 give the results of the bearing tests.
Values of bearing yield strength were selected from the besring stress-
hole elo~tion curves as the stresses corresponding to an offset of
2 percent of the pin diameter from the initial straight-line portion of
the curves. Ratios of the average bearing-to tensile properties, the.
latter obtained from tests of spectiens machined from the cast slatIs,
are given in table 111.

. The effect of edge distance upon bearing strengths and the general
behavior of the castings In bearing was not significantly different from
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that observed previously for a number of wrought-aluminum alloys
(reference 2). The bearing yield strengths were not sensitive to the
differences in ratio of specimen width .topin diameter investi~ted
and were not appreciably higher for edge distances of 4D (4 X pin diameter)
than for edge distances of 2D; this was consistent-with the conception
of bearing yield strength as a strictly local yielding phenomenon.
Although the ratios of bearing yield strength to tensile yield otrength
for any one edge distance were apyraximately the same for all alloys
and tempers, the magnitude of these ratios was somewhat-higher than
that generally obtained for wrought aluminum. The ratios-for the castings
averaged about 1.7 for an edge distance of l.~ and 2.0 for an edge
Ustmce of 2D, as compared with corresponding ratios of 1.4 and 1.6
for the wrought alloys.

.

Ratios of bearhg ultimate strength to tensile ultimate strength

for the castings tested on a ~-inch-diameter pin were of the same order

of magnitude as that observed’for wrou@t=aluminum alloys, particularly

thoee of the medium-strength class. Ratios for the tests on a ~-inch-

diameter pin were consistently higher, as expected. For both sizes of
pin and for edge distances.of L.z and 2D, the ratios were highest for

.

the 220-T4 ,castingswhich efiibited the highest tensile elongation values.

.

CONCLUSIONS

The results of bearing tests of alwninum-alloy sand castin#
of 195-’T4, 1.95-T6, 220-T4, and 356-T6 are believed to warrent the
following conclusions regarding beering strengths and theti relation to
tensile properties: .-

1. The tensile properties of the 195-T6, 356-T6, and 220-T4
individually cast test bars representing the bearing-test slabs were
reasonably close to published typical values. These materials were
considered suitable, therefore, for an investigation of beering-
strength characteristics and a determination of general relationships
between bearing and tensile properties.

.-

2. The 195-T4 castings (heat-treated,but not artificially aged)
aged naturally in a period of approxhately 3 months to tensile stre+s
comparable with those obtained for 195-T6. The instability of the
T4 temper raises a question as to the significance ofiminimum specified
strength values for this temper for structural design.

.

3. Coqmrisons between tensile properties obtained from individually
cast test -s and specimens machined from the bearing-test-slabs
emphaeize the well-know fact that size and form of casting may have a ●

significant effect upon mechanical p?opertles.
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h. The besring-strength characteristics of these alu@num castings
with respect to edge distance and ratios of syecimen width to pin
diameter were not significantly different from those which have been

—.—.

observed for the common wrou.ght-ahmd.mm alloys. The ratios of bearing
yield to tensile yield strengths for the castings were about 20 percent
hi@er than those for the wrou+jhtmaterials; the ratios of bearing ultimate
to tensile ultimate strengths were about the same. ———

5. The fold.owingratios of besring to tensile strengths are
proposed as a basis for the selection of dlowshle bearing values for
the desi~ of slminum-alloy sand castings.

,-

Edge tistmces
Ratio

1.5 x -pill aim. 2 x pin diem.

or greater

Besring yield
Tensile @eld

1.7 2.0

Bearing ultimate
Tensile ultimate

1.6 2.1

Alwninum Research Laboratories
Aluminw Company of America

New Kensington, w., November 6, 1946

1. Anon.: Strength of Aircraft Elements ANC-5, Amendment No. 1,
Oct. 22, 1943. -.

2. Moorej R. L., an.dWes~oat, C.: Bearing Strengths of Some Wrought-
Aluminum Alloys. NACA TN No. 901, 1943.
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TABLE II

EEARIt7G sTEmGms oFsaa AmKmM-AIwY sMmoAsTrms

Bearing strengths for edge distances of -
(psi)

Ku.oy
and Test 1.5 x pin aienle* 2 X pin diemeter 4 x pin diamter

tamper ~e of
mtimte y~e~

(1)
fsdlw?e mtib9t9 Yle= Yield Type of
(2) (1) FE: ‘t-te (1) failure

Bearing tests of ~ln. -dimeter steel @n in ~in. -Wok by ~in. -wide oaetinge

L95-T4 1 p, 800 48,800 T’ 69,100 56,400 Ts
49,m 48,000 m

91,1(KI 59,200 T
2 m 96,0CY.360,&o T
3

;g#& 5~6& ~

g;% * “ %i5jxE 57:300 ?$% Z:7Z
T

Av.

L~-T6 1 =,M 51,000 ~ 74,300 61,sa ‘m
2

T
52,000 50,8W g 72,000 61,Cwl 19 g;% :;E T

3 51,1cx3 51,6W
AT. 52,m 51,100

70,&3 60:%xJ ~
72,300 %$% % ‘

355+6 1 47,500 45,500 T’ 62,alo 55,4(M ‘E 71,0W 56,300 T
47,900 47,X) m 63,600 53,500 ~ 83,700 59,200 T

A;. * w “
63::7 55:6C& T’ W#C& ~,g T

?20 -T4 1 68,700 x),koo T E%,600 56,500 T lg,o&l 57,(M(3 T
2 7’1,400 Z,ooo T ~>~ 58,w T T

3 * * T * %$%
MO’660 %’%%’ T

T * *

Beerl.ngtestson +. -di&meter stsej. ptiin&h. -thick by +-b. -wide csstinge

L95-Tk 1 49,300 2s .—. ------
%% 48,m ’16 80,500

137,100 63,wI m
2 61,000 G 134,603 61,0cK) T9

61,5(XI 49,0(X m 78,m 59,2XI =
:

125,2CKI 64,cm ‘m

AT. @ = 5 _ - ‘- —

---—. --—-- ------- ------ --

132,300 m

.95-T6 1 B,em m, Ooo m &, @o 60,000 m M9,4CKI 50,g m
2 59,500 m,m ~ %2,400 61,01xI Ts 131,003
3

m
57,7CW 53,300 &L,600 63,CCCI m 134,i%o 67;.mo m

AT. 59,000 5uim ~ m 131,700 m=

156-T6 1 52,300 T’ 62,600 56,500 ‘J=
2 48,400 Ef% m

m
63,70a >3,500 ~

3
%% z%% T

------ ------ — —---— ------
— .

Av . m,300 50,300
62;3f& 54:%# ‘J=

m ~ ‘-

!ZK3-T4 1 ::@ $:@& & 99,500 57,900 ‘3B 141,300 5s,Cm T
mk, ~ .57,000 m 155,600 60,000 T

A!. g$i% E s
94,3W 48m m

99,5ca * “* %$% T

.
%ress corresponding to offset of 2 percent of pti Uscueter frcnn initisli etxal#+llne portion

of hole-elcmgntlon curme.
~ee of beering failure: T, tensicn on eection through hole; S, eheu akve pfi;

K!, combktion of teneion end shear. .-



.

.

TABLEmI

RATICSOF ATERAGE BEARING TO TENSILE f3TRmmEmscME~-m- cdwl!m

. *

.

[RatwJ bared on tensilepropertiesottainedfrom ?mu%@xmt slabs. BS, be-
ulkhute ~tre@h; BYS, bsaring yield strength; m, tensile ultimate Gt%ngth;

TYS, tensile yield stre@]

Ratios foY dge Lw3tances of -

Alloy 1.5 X pin diameter 2.0 x pm diameter 4.0 X pin -tar
alla
temper

ES ~ g ~ E9.— ~
E m E TYs

Bearhlgteats on ~-In.-dieme~ersteelpln In ~-im-thick by 2&n. -wide castings

195-T4 1.62 1.73 2.20 2.04 3.00 2.12
195+% 1.60 1.77 2.21. 2.13 3.02 2.19
356-T6 1.60 1.7’5 2.I.2 2.06 2.62 2.1’j’

220-T4 1.96 1.%? 2.39 2.05 2.$3 2.13

Bearing tests on &hL. -M..%wter steel pin in $-in.-thick by 2&in. =wlde csatimgs

195-T4 1.92 1.77 2.52 2.14 4.21 2.24
195-T% l.al 1.7’7 2.52 2.13 4.03 2.21
356-T6 1.69 1*Q3 2.= 2.06 3.56 2.30
220-T4 2.36 l.n 2.al 1.97 4.21 2.16

.

CD
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F@ure 1.- Arrangement for bearing tests.
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Rpum 2,- *W shw.s-hnleelomcm cm= for 1WT4 alnmimmaY ~. S?~n ~-,

1A M; speclmm width, 2-1/4 ides; pin diameter D, 1/2 W; K@ dfatmce, MD for specimens 1,2,

~~
and9;dge di6bme, 2D for qmcimam 4, 6, wd 6; @a ~, 4D for !qm3imfma 7,8, A 9; _

YMd C4urespondn to Offmt of O. CG?D. ,
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I=Q-’-l ~- 4.- _ S-BW elwaikm cnrtw for 196-T6 r.lumbum7Jlw casnngs. Specimen thk!mms,

1/4 kdx Ewcbra width, 2-1/4 khea; pindlamew D, 12 iuch;dge dMauMI,1.6Dfor spaclmu 10,
11, ad 12; ~ &stance, 2D for npeclnwm 13, 14, ad 16; edge diataze, 4D for apedrmms 16, 17, ad 18;

w Yia CWFqmd9 to 0fr5et of O.m.
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1--10.o1o
Hole alnn@on, h.

_ 5.- M Strefm-hole elmgath CWWM for 19S+5 dOdIIUM X ~. 2p9cfma Wckne3a,
113 fnch; fipscfmenwldti, 2-1/4 fdws; plndiameter D, 1/4 kh; edge dlatance, 1.5D for qmclm?m 1,2,

and~dgediahuca,mfm~ 4,6, aUi&e@d@~,4D fOr~&.gm 7,8,~@_

m~~omafo.m.

. .

“’ i

. . .



—.

* * . .
●

w
Bole elmgauoa, b

Flwre 6.- i?-9MnF StJW!=3+oh 131011@tlon curvaa fOF S58-TEi
~-dloy CM*S. apecfnwn Gllc!mw,

1/4 fnd. @ecfnwJ wfdih, 2-1/4 luhea; @n dlumtar D, 1/2 tit U@ dlatanm, 1.6D for apacimenn 1,2,

d3; d3edist#m, xDf0r ~4, 5, W 6; dge d18tancm,4D forspdmem 7,8, and 9; twi+ng
yield comes- b IMfmt of O.m,
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IIola elqttlq L

FISUW 7.- M8rlue 6trfz3S+mle elcqatlm cmvm for S56+6 aludmnlallm WUngs. Specfmnn UJichnes?,
Ml liw)x Spedmanwfdlh, 2-1/4 lucks; pln diameter D, 1/4 indq adge dldmme, 1.5D for apedmem 8 ad

% We tie, ZD for Wf=J.=m 9,6, am17; xdlatwe,4D fwspedmam latxi2; kIaI-&s@eld

~- b efhet of O.CED.
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~ 9.- ~ BtMCAlOh elongation crimes for 220-T4 abMmun-aUOy .2&&s. Epectman lhickwm,
1~ ~ spechmnwldth, 2-1/4 lrmhw; pln diameter D, 1/4 fndu dge distance, 1.6D far sp&lmmM 1,2,

ard%eige distmm, ~for ~4,6, au26:edga dL3fume,4Df0r~ 7, B, UVJ9; Q
Ybldmrrqmndn tooffaetafam.
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F@ure 10.- Bearing failuresin aluminum-alloy sand castings.
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